
November 2, 1984 
Ref: 8713-040-94003 

Mr. Michael Apgar 
Delaware Division of 

Environmental Control 
P. o. Box 1401 
89 Kings Highway 
Dover, DE 19901 

Subject: Camdel Metals TCE Spill 

Dear Mike: 

~MC Martin Inc. 
,. Jfd 

900 W. Valley ForJll\Road
P.O. Box 859 
Valley Forge , Pennsylvania 19482 
Telephone 215 265-2700 or 783-7480 

This letter is to confirm the information provided to the 
Department of Natural Resources and Environmental Control 
(DNREC) on October 15, 1984 with respect to a spill of 
Trichloroethylene (TCE) that occurred at Camdel Metals and the 
proposed remedial measures that we discussed pursuant to our 
telephone conversation of October 26, 1984. The cleanup plan 
descri bes in detail those steps which Camdel Metals proposes to 
implement to address any potential environmental harm that may 
have resulted from the spill. 

According to plant personnel, approximately 75 gallons of TCE 
were spilled onto the plant floor when a pipe providing TCE t o 
the degreaser unit broke while the machine was operating in its 
automatic cycle. Since then , operating procedures have been 
revised to provide for immediate shutdown should a similar 
mechanical failure occur. The TCE traveled in a southwesterly 
direction to an exterior wall (Figure 2) where it exited the 
building onto a gravel-covered area adjacent to the building. 
Based on the amount of TCE recovered in the building, plant 
personnel involved in the ensuing cleanup indicated that 
approximately 10 to 15 gallons of TCE escaped to the soil 
outside. A design study is currently underway to develop a n 
effective in-plant contain~ent system for this area. 

Soil sampling, in the area where the TCE exited the building, 
was conducted on October 16, ' 1984 to determine the vertical and 
horizontal extent of TCE contamination. To aid in this 
determination, a seri es of soil samples were col lected at 
varying depths using a hand (screw type) auger and analyzed in 
the field using the Drager tube method. This method employs a 
modified headspace technique, where volatilization of TCE is 
induced into the air within a pl astic bag. This air is t hen 
pumped through TCE-specific colormetric tubes (Drager Inc.) and 
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a direct reading of TCE concentration is made. This analysis, 
in conjunction with analytical results obtained from the nearest 
downgradient well (Well #6, 4,900 ppb), would seem to indicate 
that TCE has reached the ground water in the area where it 
exited the building, although the integrity of this well must be 
evaluated due to its location in the immediate spill area. 
Given the rate of ground-water movement in this region 
(approximately .411 ftjday), it is highly unlikely that 
contamination could have migrated to Well #6, which is located 
approximately 40 feet from the spill area. Further soil 
sampling was conducted using the aforementioned method, with 

., results indicating an area of contamination approximately 8 feet 
/ x 38 feet (Figure 2). Depths of contamination ranged from five 

feet (maximum auger depth) adjacent to the spill, to two feet on 
the outer perimeter. 

• f • • • 

Camdel Metals has an existing ground-water monitoring network 
consisting of nine wells anq three well points (Figures 2 and 3) 
to aid in monitoring the extent of a contamination plume that 
may have resulted from this spill. Four of these wells, which 
surround the degreaser unit, and the three well points 
surrounding the TCE storage tank were installed prior to plant 
operation with EPA concurrence. 

I / 

(t . I /'"< J *'·'·' 
/ t l· . 

I I , . / · ·: We understand that representatives of DNREC have requested that • I,, I If • I t t t t 
;" . all contam1nated so1l be removed from the s1te for d1sposal in a 

secure hazardous waste landfill. As you are aware, there are no 
such facilities located in Delaware or in any of the immediately 
surrounding states which will mean hauling the contaminated soil 
to either Ohio or South Caro+ina. Given Camdel's ability to 
deal with the contaminated soil on sit~ ' in an environmentally 
sound and legally acceptable mann~r, we have set out below an 
alternative remedial plan. 

1. Remove and aerate contaminated soil via plowing or 
tilling on plastic sheeting in order to exploit the inherent 
volatile properties of TC~. After volatilization is 
complete and the absence of TCE is verified by laboratory 
analysis, the soil will be spread on site. We believe that 
this proposal will accomplish all of the environmental 
objectives of DNREC's suggestions in a more cost-effective 
manner. More importantly, this plan is not dependent on the 
performance of third party contractors and does not create 
the liability associated with off-site disposal remedies. 
camdel Metals is prepared to implement its recommended plan 
upon approval by DNREC. 
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2 . Evaluate the integrity of Well #6, which was sampled 
and showed TCE contamination . It may be possible that a TCE 
plume has not spread from the area where it exited the 
building to this well, but that the TCE spil led i nside t he 
building may have migrated down an ineffecti vely-sealed we l l 
casing. 

3. Install a recovery well in the spill area and pump the 
contaminated wat er to a sprinkler head located on the r oof 
of the building. The runoff will be collec ted in the 
existing stormwater collection system and discharged to the 
sanitary sewer system upon approval by state and county 
authorities. 

4. Perform soil and water sampling to veri fy the 
effectiveness of the above remedial measures. 

We would appreciate the opportunity to meet with you and discuss 
the above remedial program prior to any final decision being 
made . 

Sincerely , 

SMC MARTIN INC. 

SJ:rm 
Enclosure 
8713LlJ 

cc: Marc Gold, Esquire 
Bob Zimmerman 
Tom Walsh 
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February 1, 1985 
Ref : 18713-040-94003 

Mr. George Bender 
State of Delaware 

. ' 

Department of Natural Resources and Environmental Control Solid Waste Section 
89 Kings Highway 
P. 0. Box 1401 
Dover, DE 19903 

SMC ~artin Inc i\IGIN~~ 
(RP') 

900 W. Valley Forge Road 
P.O. Box 859 
Valley Forge, Pennsylvania 19482 
Telephone 215 265-2700 or 783-7480 

Reference: On-Site Treatment of Trichloroethylene (TCE) Contaminated Soil via Soil Shredding at Camdel Metals 

Dear Mr. Bender: 

Thi s letter is to provide the Department of Natural Resour ces and Environmental Control (DNREC) Solid Waste and Water Resour ce s sections with details of the current and proposed clean-up operations performed at camdel Metals located in Camden, Deleware. 

A spill of TCE at this site was previously reported to DNREC in our letter of November 2, 1984. Remedial action regarding the clean-up operation was divided into two phases; Phase I dealt with the on-site treatment of contaminated soils. Phase II will address ground-water concerns. 

Treatment methods of the contaminated soil that resulted from this spill were presented to DNREC in our meeting at Camdel Metals on November 19, 1984. Specific details of the treatment method to be used were provided to you in our letter of November 27, 1984. Approval for the treatment method described was granted by DNREC in your phone conversation of November 29, 1984. Due to the inherent difficulties involving availability and mobilization of the soil shredding machine, treatment of the contaminated soils was not begun until December 17, 1984. Treatment continued through December 29, 1984. Treatment of ground-water contamination that may have resulted from this spill will be dependent upon the analytical results obtained from the proposed resampling of recovery well number one (RW-1) which was installed on December 6, 1984. 

A Subsidiary of Science Management Corporation ~· 
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PHASE I - CLEAN-UP OPERATION - TCE REMOVAL FROM SOILS 

Overview of the Soil Shredder Operation 

On-site treatment of approximately 200 yds3 of TCE contami
nated soils that resulted from an a ccidental spill of TCE at Camdel Metals was accomplished by use of a soil shredding machine and front-end loader. The soil shredding machine expl oits the natural volatility of TCE by shredding and aerating the soil. This operation thoroughly mixes the soil and produce s a more uniform material. Thus, the sampling difficulties often associated with large volumes of material having varying contaminant concentrations is overcome . This shredding and mixing process is more completely described with the diagram in 'Attachment A'. 

Sampling Methodology 

Two samples per pass through the shredder were collected by 
placing a five-gallon plastic bucket immediately above the existing waste pile in order to duplicate conditions of the 
material as it struck the pile. Approximately two gallons of soil wer e allowed to collect in this manner before the sample was obtained from different portions of each bucket . 
Immediately after collection, each sample was placed in an i ced cooler in order to preserve sample integrity, and logged in the soil scientists' field book . Chain-of-custody forms also accompanied each sample shipment. Samples were delivered to Greenwood Labs on a daily basis to further insure sample 
integrity and to monitor the concentration of TCE remaining after each pass. 

A total of twenty-six samples, representing thirteen passes 
through the shredder, were obtained in the above described 
manner. Test results are displayed in the attached graphs (Figures 1-3), with individual sample results presented in 
Appendix A. 

Treatment Results 

As you may be aware, current analytical capabilities limit the detection of TCE in soil to approximately 5 parts per billion. Although detection of TCE in soil is possible at these levels, an accurate quantification of an amount that is less than 
15 parts per billion is subject to an error of approximately 
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ATTACHMENT A 

,. 

ORIGf 1AL 
(RED) 

ADJUSTABLE 
FINGERS 

OPERATION (1) Flighted conveyor unloads hopper-delivers soil mix ingredients into shredding belt. (2) Highspeed, cleated belt shreds ingredients •••• aerates and th o roughly mixes with a violent churning, tumbling action. (3) Fully processed mix discharges. Adjustable fingers (variable sweep) permit selection of coarseness of mix discharged . (4) Over-size materials move back for additional processing • ••• sticks, stones and other nonshreddables are rolled back for discharge through trash chute. 
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30 percent . A more detailed explanation of the difficulties involved in an accurate quantification of an amount of this size is provided in Appendix B. As shown on Figures 1-3, this range in TCE concentration was achieved by the tenth pass through the shredder. At the request of DNREC, the operational area was undercut from one to three inches to prevent the spread of contamination to the adjacent soil at the end of the eleventh pass. This soi l was then placed on the pile of previously treated soil and put back through the shredder for the twelfth and thirteenth passes . The resulting increase in TCE concentrations beginning with the twelfth pass can be attributed to this remedial measure. Given the average TCE concentrations at the end of the shredding operation (23.5 ppb) and the amount of soil in the waste pile, (approximately 200 yds3), the corresponding amount of TCE will be 0.0009~6 gallons bl volume and 0.01175 pounds by weight, as derived below: 

-9 Mass of c 23.5 x 10 gr TCE x 454 gr soil x 2.000 lbs soil x TCE gr soil lb soil t on soil 

3 1.25 ton soil x 200 yd soil x lb TCE yd3 soil 454 gr TCE 

= 0.01175 lb TCE 

Density 
of TCE 

= 91.0 lb/ft3 [specific gravity of TCE x density 
of water) c {1.459) (62.4 lb/ft3)] 

3 Volume c 11.75 lbs TCE x ft TCE x 7.481 gal TCE c 0.000966 gal of TCE of TCE 91.0 lb ftJ TCE 
TCE 

The resulting reduction of TCE concentration corresponds to 
66.2 percent removal at the end of the shredding operation. 
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Recommendations 

(~) 

The volume of TCE remaining in the soil affected by the spill, 
as shown above, is less than one thousandth of a gallon. It is 
Camdel Metals' intent to further reduce the amount of TCE by 
spreading the soil thinly on-site during suitably dry and warm 
weather. As we have demonstrated before, this procedure 
maximizes volatilization and photo decomposition of TCE, and 
under optimum conditions the TCE concentration will be reduced 
to below detectable limits (less than -s ppb). 

Due to the significant reduction in TCE concentrations (about 
66.2 percent) accomplished by the soil shredding process, we 
believe it will be more than adequate to volatilize any 
remaining TCE by spreading the soil on-site in the above 
described manner. TCE concentrations will be monitored during 
the soil spreading operations, which will continue until the TCE 
concentrations are below detectable limits. DNREC will be kept 
informed of all monitoring efforts and results. 

PHASE II - CLEAN-UP OPERATION - GROUND-WATER CONCERNS 

Ground-Water Sampling 

Sampling of the recovery well (RW-1) installed in the immediate 
spill area was conducted on December 28, 1984 using EPA approved 
methods. Sampling procedures included the purging of three well 
volumes (approximately 200 gallons) using a stainless steel 
Grundfos SPl-9 submersible pump with dedicated rope and 
disposable polythylene tubing. Individual samples were 
collected using a stainless steel bailer with a dedicated rope. 
Two samples were obtained from the well. The first sample, 
RW-1, showed a TCE concentration of 4.3 ppb. A second sample, 
MW-1, a blind duplicate, was obtained to verify the accuracy of 
the analysis and showed a TCE concentration of 3.7 ppb 
(Appendix A). 

Recommended Ground-Water Recovery Scenarios 

Steve Young of the Department of Natural Resources and 
Environmental Controls' Water Resources Section has indicated 
that Monitoring Well RW-1 should be pumped to recover any 
possible contamination that may have migrated from the spill 
area. It has been suggested that any possible plume that may 
have occurred as a result of the spill would have traveled 
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approximately forty feet, based on horizontal ground-water 
velocity of 0.41 feet per day and assuming ninety days since the 
da t e of the spill. The total extraction volume required for the 
recovery of a possible plume from a distance of forty feet would 
be approximately 302,400 gallons which would be discharged to 
the nearby stormwater retention basin. TCE concentrations have 
historically been in the 25-50 ppb range in the area of the 
degreaser which is located approximately thirty-five feet 
northeast of the recovery well. TCE concentrations resulting 
from the above mentioned amount of pumping found to contain less 
than those historically present would not be representative of a 
contamination plume resulting from the spill, but rather a 
result of previously existing contamination. Ground-water 
monitoring will continue in the previously approved manner if 
contaminant concentrations prove to be equal to or less than 
those already present in the degreaser area. Various recovery 
time scenarios are presented in Attachment B. 

Upon your approval, we will implement one of the scenarios 
proposed in Attachment B in order to recover any possible 
contamination plume that may have res ulted from the spill. 
Pumping rates and times will be adjusted in order t o accommodate 
the actual travel time of a possible contamination plume. 

If you should have any questions or comments concerning the 
above report, please do not hesitate to contact us. 

Very truly yours, 

SEJ/bf 
Enclosure 
8713Ll 

cc: T. Walsh 
R. Zimmermann 
M. Gold 
M. Apgar 
S. Young 



ATTACHMENT B . 

RECOVERY PROGRAM DESIGN 

Plume Migration (based on ground-water flow) 

D • Vw(t) 

where 

Of'\ 1'\,•o I 

.. l . -

(I\£[)) 

D = distance of plume migration from spill site (ft) Vw = horizontal ground-water velocity (ft/day) 
(from report) 

t = time in days since spill 

D = 0.41 (90) = 36.9 ft 
c -40 ft 

Recovery Time Scenarios 

Q = pumping rates (gpm) 
i = ground-water gradients to pumping well v = ground-water velocity under pumping conditions Tt = travel time of plume to pumping well 

Recovery rates based on 1-day pumping velocities 

1. Q = 50 gpm 2. Q = 75 gpm i c 0.032 i c 0.049 v = 9.14 ft/day v c 14 ft/day 
Tt = 4.4 days Tt = 2.9 days 

3. Q = 100 gpm 4. Q = 150 gpm i c 0.066 i .. 0.102 v c 18.86 ft/day v a: 29.14 ft/day 
Tt c 2.1 days Tt = 1.4 days 

Total Extraction Volume - All Scenarios 

302,400 gallons 
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TO: 

fROM: 

DATE: 

SUBJEC T: 

SAMPLES: 

SUMMARY: 

SMC Martin 
P. 0. Box 859 
Valley rorge , PA 

December 19, 198il 

ORIGI:1
' 

1
-

(RED) 
ANALYTICAL CHF.MJS1'S .AND CONSULT.ANTS 

8 03 E . B.A.L'I'IMORE PUlE UNl'-~ BQC£RE. P£. U13f6 

19482 

Ph.D . 

GREEN WOOD NO. GL 6478 

Ex ami nation of soil samples f o r tri chloroethylene and related compounds. 

GL 6il78-1 thru - 6: Camdel Metals Corpora t ion 

These samples have been examined by gas chromatography using the previously described procedure for similar samples. The analytical areults are as follow s: 

GL I 
6il78- Sample I dent it~ 

12/17 / 84 1s t Bucket Before 1:30 pm 
2 " 1st Bucke t After 1:35 pm 
3 " 1st Pass ' 1 2 : 45 pm 
4 • 1st Pass 1 2 3:30 pm 
5 " Ra ndom Before (lst pass)3:45 pm 
6 " Ra ndom After(1st pass)3:52 pm 

CRU:del 

C
2

HC1
3 

CH
3

CC1
3 CHClJ 

19 f'\Q /g 0 0 
34 ~/g 0 0 

105'\g/g 0 0 

78 1'\,0IO 0 0 

64 '\.91 g 0 0 

54 '\_Q/g 0 0 

~Ph.D. 
~RlES 

c
2

c1
4 

0 

0 

0 

0 

0 

0 

Copy : R. Zimmerman, Ha ndy 6 Harman Tube Co .; Hillard V. Vl ughn, Camdel ~etals Corp . 

A-1 
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TO: 

DATE: 

SUBJECT: 

SAMPLES: 

SUMMARY: 

I -

A N A I.1"11C.AL CID:MlST~ .AND CONSULT-A~~ ) 

8 03 E . BU.TDIORE Pm.E 

SMC Martin 
P. 0. Box 859 
Valley Forge , PA 19482 

December 20, 1984 

~"1'1.-r:TI' 6 Q t: .6.RE. P .6.. 18348 

PIIONI 1 I U·I II · '7lU~ 

GREENWOOD NO. CL 6481 

Examination of soil samples for trlchloroethylene and related 

compounds. 

CL 6481- 1 thru -3: Camdel Metals Corpora tion (llsted below) . 

These samples have been examined by gas ch~atography using the previously des

cribed procedure . The analytica l r esults are as f ol l ows: 

CL I C
2

HC1
3 

CH
3

cc1
3 

CHC1
3 

c2Cl 4 
6118 1- Sample Iden ti t;r: 

2nd Pass 11 12118/84 2:40 pm 34 ~/g 0 0 0 

2 Before 2nd Pass " ):25 pm 77 '\g/g 0 0 0 

3 After 2nd Pass " 3:28 pm 81 '\9/g 0 0 0 

Note: ~/g • ppb w/w 

GREENWOOD 

CRU:del 
Copy: R. Zi~mer~an, Handy & Harman Tube Co.; Mill ard V. Va ughn, Camdel Met als Corp . 

A-2 
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(REO) 

T 0: 

DAlE: 

SUBJECl: 

SAMPLES: 

SUMMARY: 

.tNALrJ'JC.U . CD F.ldJSTS AND CO:NBULTA.~I6 

SMC Martin 
P.O. Boll 859 

8 03 E . B.&.L nMORE J'JKE 

Valley rorge , PA 19482 

Decem be r 21, 1984 

IU:l't"Nr:IT 6Q\: .&. R.E. P .&. . 1 83 t 8 

P JIO!'r;, & l O• aae .'JaiO ) 

GREENW OOD NO . CL 6484 

E,.am1nat1on of soil samples for tri chloroethylene ana related 
compo unds. 

CL 6484 - 1: 2nd Pass 12 12/20/84 9; 10 a.m. 
CL 6484- 2: ) r d Pass 1 1 " 12 :50 pm 
CL 6484 - ): Jrd Pass 1 2 " 1 ; )0 pm 
CL 6484-4: 4th Pass 1 1 H 3 : 45 pm 

These samples have been e xamined by gas chromatography using the previously 
de sc r ibed procedure. The analytic a l results are as follows: 

Sample I de nt ity Trichl or oethy l ene (C
2

HCL
3

) 

2ND Pass 1 2 26 '\9 19 

Jrd Pass 1 1 26 f\OIO 

Jrd Pass 1 2 28 n.o lo 

4th Pass 11 4 1 'Uj/g 

No other components were det e cted in t he se samples. 

GREE NWOOD LABOR ATORI ES 

CRU : del 
Copy: R. Zimme r man, Handy 6 Harman Tube Co . ; M. V. Va ughn, Camdel Met a ls Co r p. 

A- 3 
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TO: 

DATE: 

SUBJEC T: 

SAio1PLES: 

SUMMARY: 

AN Al.YJ'ICA J, CHF.MJSTS AND CONSULT.&.l\16 

SMC 1o1a r t1n 
P.O. Box 659 

IW3 .t. BALTIMORJ: VIAE 

Valley Forge, PA 191182 

December 27, 19811 

UN?\riT SQt:.A.RE. P.t. . 19348 

PHOP>Eo aU·IIII ·'72t:l 

GREENWOOD N·. GL 6/j85 

Examination of soi l samples for trichloroethylene and related 
compounds. 

CL 648 5-1: 
CL 6485-2 : 

4th Pass 12 12/20/84 5:50 pm 
5th Pass 11 9:30 a.m . 12/21 / 84 

These two samples have been examined by gas chromatography using the previ ous ly 
des c ribed procedure. The analytical results are as follows: 

SAio1PLE IDENTITY TRICHLOROETHYLENE 

4th Pass 12 19 ng/gram 

5th Pass 11 10 ng/gram 

CRU : del 
Copy: R. Zimmerman, Handy & Harman; ~illard V. Vaughn Camdel ~etals 

A-4 
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(REuJ 

l 0: 

DAlE: 

SUBJECT: 

SAMPLES: 

SUMMARY: 

I .&NAJ.YTJCAL CHF.MJSTS AND CONSULT..&STS 

803 E . B.A.L'I'Il40RE PI.XE 

SMC Martin 
P. 0. Box 8S9 
Valle)' forge , PA 19482 

December 31, 1984 GREENWOOD NO. GL 6489 

Examination of soil sampl es for trichloroethylene and related 
compounds. 

GL 6489-1 thru - 3: Camdel Metals ( listed below ) . 

These samples have been examined by gas chromatography using the previously 
described procedure. The analytical results are as follows: 

Gl If c2
Hcl3 

CH3Ccl3 CHC13 
6489- Sam~le Identit~ 

1 5th Pass 12 12/ 16/84 10:50 pm 17 ng/g 0 0 

2 6th Pass i1 II 2:10 pm 24 ng/g 0 0 

3 6th Pass 112 II 3:25 pm 16 ng/ g 0 0 

GREENWOOD LABORATORIES 

GRU:del 
Copy: R. Zimmerman, Handy & Harman Tube Co.; M.V. Vaughn, Camdel Metals Corp. 
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SUBJEC T: 

SA~IPL ES : 

SUM~IARY: 

These samples 

ORlGI,:' 
(REDJ 

ANALYTICAl. CHEMIS1'1-i AND CON~ULT.A.STS 

~ 
P.O. Box 8~9 
Valley f orge , PA 19~82 

Ph.D. 

December 31, 1984 

UPn'.-rM' 6Ql".lRE. P.l. . 18at8 
PHO~t • 116·111a ·T:ZIIe 

GREENWOOD NO. GL 6491 
Examination of soil samples fo r t richloroethylene and related compounds . 

GL 6491-1 t hru -4: Camdel Me t als (listed below ) 

have been exami ned by gas chromatography using the previ ousl y described procedures. The ana l ytica1 results are as follows: 
GL II 

c
2Hc l

3 CH
3CC1 3 CHC1 3 C2Cl4 

6491- Sam~le I dentH~ 

7th Pass 111 12/ 26/84 5 :D5 pm 17 ng/g 0 0 0 
2 7th Pass 12 " 9:50 am 20 ng/g 0 0 0 
3 Bth Pass 111 " 12:00 noon 19 ng/ g 0 0 0 
4 8th Pass (J2 " 1: 50 pm 21 ng/ g 0 0 0 

GRU :del 
Copy: R. Zi mme r man , Handy & Harman Tube Co.; M. V. Vaughn, Csmdel Metals Corp • 
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SMC Hartin 
P. 0. Box 859 
Valley Forge, PA 19482 

DATE: January 4, 198 5 GREENWOOD NO. GL 6495 

SUBJECT: Examination of soil and water samples for trichl oroethylene an d re
lated compounds. 

SAMPLES: GL 6495-1 thru -8 : Camdel Metals Co rp . (listed below) 

SUMMARY: 

These samples have been examined by gas chromatography wit~ electr on capture 
detection, using the previously described methods for soil and water samples. 
The analytical results are a s follows: 

GL 3 C2HC1 3 CH3CC1 3 CHC1
3 6495- Samele I dent it~ 

12/27/ 84 9th Pass ' 1 );45 a m (soH) 7 ngtg 0 0 
2 .. 9th Pass 1 2 4:35 am .. 36 ng/g 0 0 
) l i/28 / 84 10th Pass 11 9:05 a m 7 ng/g 0 0 
4 .. 10th Pass 12 11:10 am .. 12 ng/g 0 0 

.5 " 11th Pass 11 1; 40 pm " 9 ng/g 0 0 
6 " 11th Pass 12 3:52 pm " 0 0 0 
7 " RW-1 5:45 pm (water) 4 .) ug / L 0 0 

8 " MW-1 6 :00 pm (water) 3.7 ug/L 0 0 

Ph.D. 
CREENWOOD LABORATORIES 

gru;del 
copy: R. Zi~mer~an, Handy & Harman Tube co. i Millerd v. Veu ghn , Camdel Metals 
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I ANALYTIC Al. CHEMJSTt; AND CONSULTANTS 
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TO: 

fR OM: 

OAT£: 

SMC Marti n 
P. 0 . 8 0 11 859 
Valley ro rge, PA 

January 4, 1985 

191182 

Ph .D. 

GREENW OOD NO. GL 6496 

SUBJECT: Exa mina ti on of soil samples for trichl o r oethylene and related compounds. 

SAMPLES: GL 6496-1 thr u - 5 : Camdel Hetal s Corp . (listed bel ow) 

SUMMARY : 

These samples have been examined by ga s ch r omatography wi th electron capture 
detecti on usi ng the previously described procedure . The analytical re sults are as follows: 

CL I c
2

HcJ
3 CH

3
Ccl

3 
CHCJ

3 c
2

c1
4 6496- Sample I dentity 

12/19 /8 4 12t h Pass ,, 9 : 15 am 18 ng/g 0 0 0 

2 " 12t h Pa ss 12 9 : 50 am 15 ng/g 0 0 0 

3 " 13th Pas s Powder , 1: 35 am 32 ng/g 0 0 0 

4 It 13th Pass 1 1 12:00 n 28 n g/g 0 0 0 

5 " 1Hh Pass 1'1 1:50pm 19 ng/g 0 0 0 

CRU:del 
Copy: R. Zimmerman, Ha ndy 6 Harman Tube Co .; Millard v . Vaughn. Cemdel ~etels 
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L ANALYTICAl. CID:MJSTS AND CONSULTA.!\I!:i 

January 4, 1985 

Steven Johnson 
SMC Martin 
P.O. Box 859 
Valley forge, PA 19482 

Dear Steve: 

OOll E. BALTUIORE J>J.XE 0~'1\-rrf 8Qt:ARE. PA. 1~348 

PUOSilo IU· :UI·128:1 

This letter •ill be an attempt to respond to our telephone conversation this 
morning regarding accuracy and lo•er limits of detection, specifically in the 
analy~ical measurements applied to the series of soil samples most recently 
from Camdel Metals Corporation. 

To assist me in the discussion, which I will try to make brief, I am including 
copies of a document in publication which paraphrases parts of a paper from 
Analytical Chemistry, i.e. ACS Committee on Environmental Improvements, "Prin
ciples of Environmental Analysis,", Anal. Chem., 55 , 2210-2218 (1983). 

To help you recognize the nature of our problem with these samples, I am including 
copies of chromatograms which hopefully will illustrite the nature of the ana
lytical problem . You will note, on these chromatograms there is an analog chart 
and alsc computations. Our normal practice is to use the computed values •hi ch 
are determined from a prior calibration of the system with standards of known 
composition. This method of measurement is applied to extracts either from 
water or from soils. However, in the case of water samples, the extract is a 
10-fold concentration from the original sample, while with soil samples the 
extract i~ . ~~ly a 2-fold concentration. The calibration values actually pe~tain 
to the extract solution which is measured. for water analyses then, the com
puted value is divided by 10. In the case of soil samples, it is only di vided 
by 2. Therefore, a stated minimum detectable concentration from a water sample, 
relative to that sample, is approximately 1 ppb The corresponding circumstance 
!n the case of s oil samples means that minimum is approximately 5 ppb. In either 
case, however, the actual computer readout would be 10 ppb. for the computer to 
sense the peak which corresponds to the component of concern requires first a 
specified minimal area and second, a specified minimum rate of change of the 
analog signal at the points where the signal for that component starts and ends . 
A consequence of this is that there are circumstances at or near the minimum 
detectable level in which the ccmputer fails to recognize the component peak , 
even though visually we can recognize its presence. When this happens, we make 
an estimation of the amount present, based upon the height of the peak which 
the computer missed relative to the height or the 5mallest peak which the com
puter, in feet, detected. 

These items are pointed out in copies or 2 chromatograms. One shows a calculated 
quantity and the second shows an uncalculated quantity which 15 obviously still 
recognizable on the analog chart or graph. This means that at or near the 
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January 4, 1985 

minimum detectable level, specifically in the case of soil samples, a given val
ue, such as 5 or 7 ng/g (ppb) may in fact be a value anywhere from one-half to 
twice that amount. When the computer detects the component, the error still 
may range by 30~ around the computed value . This is simply because of the 
limited ability to detect the precise moment in time when the signal departs 
from a baseline and again returns to it. To further assist in understanding 
this, I am also including a chromatogram of a standard where it is clearly more 
obvious how sharply the baseline changes when a significant quantity of component 
reaches the detector and also when it leaves. 

To put this perhaps in a slightly more practical framework: there is some concern 
in the case of drinking water for concentrations down to the range of a few parts 
per billion (one value given us is 3 . 5). This is because people are ingesting 
significant volumes of water over a long period of time. On the other hand, ppb 
levels in soil, such as we are dealing with in this case, after your treatment 
of the soil, are so low as to be highly unlikely to constitute any hazard since 
(a} the material is not being consumed directly by people and, (b) what remains 
after the very significant treatment you have given the soil is likely to be 
rather tightly adsorbed and consequently released slowly over a long period of 
time in concentrations which will then be essentially undetectable, even with 
the magnificent sensitivity levels available with current analytical instruments. 

Sincerely yours, 
' · 

}iiut/ !(. /j.,d;~·ti 
Gerald R. Umbreit, Ph.D. 
GREENWOOD LABORATORIES 

GRU:del 
Enclosures 
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January 11, 1985 
Ref: 18713-040-94003 

1. When measurements are made of components at or near the 
detection limit, a certain number of analyses can be 
expe cted to be zero. As a consequent of this point, and the 
range of variability commonly encountered in trace level 
measurements, data points shoul d not be omitted when 
evaluating a set of data. The only basis for deleting items 
of data will be the analyst's observation of a specific 
error or a mistake or malfunction occurring in the 
processing or analysis of a sample. Since most of these 
observations will come before the analysis is complete, that 
particular analysis should actually be discarded before a 
final analytical value is obtained. However, if it is in 
the chromatographic analysis step, the system normally will 
carry through the analysis to provide a record. This record 
should be marked with the analyst's observation of a 
malfunction or error and that data deleted from 
consideration whether or not it appears to conform with · the 
balance of the analytical data. 

2 •.••• because the computer or calculator provides 4, 5 or 
6 digits does not imply that those are significant numbers. 
For example, reporting the concentration of a pollutant in 
water at 3.082 ug/L is obviously unrealistic. Most analyses 
at this concentration level will likely be accurate only to 
one significant figure. A computer report which indicates 
such a value might logically be rounded by the intelligent 
analytical chemist to 3 ug/L for his report. It is 
important that an analytical report not imply limits of 
accuracy better than can be defended by statistical means. 
It is of significant importance that the accuracy limits or 
the range of variation of any given analysis be stated with 
the report . Without this, persons untrained in science, but 
having a responsibility in regulatory or legal actions, may 
easily interpret the value of 3.082 as a numerically 
exceeding a limit specified as 3.0. 
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SMC Martin 
A DvisKn of Scienoe Monoqemenl Co!p:)rotion 

c~:~m~L 
(RiD) 

900 W. Va!Jey Forge Road 

PO. Box859 
Valley Forge, Pennsylvarua 19482 
Telephone 215 265-2700 

May 7, 1985 
Ref: t8713-040-94004 

Mr. Randy McAlister 
Department of Environmental Resources 

and Environmental Control 
Water Resources Section 
89 Kings Highway 
P.O. Box 1401 
Dover, DE 19903 

Dear Mr. McAlister: 

Enclosed please find copies of the current analyses regarding 
the groundwater recovery project being conducted at Carndel 
Metals located in Camden, Delaware. The recovery program was 
initiated on April 18, 1985. 1,099,600 gallons have been 
recovered and treated as of May 1, 1985. Sampling frequencies 
for the recovery well and spray interfaces, as well as the pond 
and monitor well nineteen have been daily for the first eleven 
days, 4/18 - 4/28, follow ed by tri-weekly sampling for the we ek 
of 4/29 - 5/3. Bi-weekly sampling will be conducted for the 
remainder of the recovery program. I will continue to forward 
analytical results to you as they become available. If you have 
any questions or concerns, please don't hesitate to call. 

Sincerely, 

Soil Scientist 

SJ: nj s 
Enclosure 
6713L1N 



(b) (4)

(b) (4)

(b) (4)



(b) (4)

(b) (4)

(b) (4)



(b) (4)

(b) (4)

(b) (4)



SMCMartin 
vl~t( 
(pllq 

ORI~,.,, ... A !AVISlOO ol Soence Management Coi'JX)I"IItJOO 

900 W Vcilley Forge R0c1d (RED) 
PO Box 859 
VaUey Forge, Pennsylv<'lllld 19482 
Telephone 215 265·2700 

June 14, 1985 
Ref: 8713-040-94003 

Mr. Randy McAlister 
Department of Environmental Resources 

& Environmental Control 
Water Resources Section 
89 Kings Highway 
P. o. Box 1401 
Dover, DE 19903 

Dear Mr. McAlister: 

RECEIVED 

JUH 17 1985 
I f(k }\1 

WATER SUPPlY BRANCH 

Enclosed please find copies of the analyses regarding the 
ground-water recovery program currently being conducted at 
Camdel Metals located in Camden, Delaware. As of June 11, 1985, 
4,150 ,000 gallons have been recovered and treated. Sampling 
frequencies for the recovery well and spray interfaces, as well 
as the pond and Monitor Well 19, located downgradient from the 
ground spray area, have been b i weekly since May 3, 1985. 
Contaminant concentrations from the recovery well have decreased 
from a high of 190 ppb Trichloroethylene (TCE ) , April 29, 1985 
to a current level of 47 ppb TCE as of June 7 , 1985. Biweekl y 
sampling will continue for the rema i nder of the recovery 
program. As referenced in your letter of March 28, 1985, we 
will terminate the recovery program when contaminant levels have 
stabilized in the 25-50 ppb range. I will continue to forward 
analytical results as they become available. 

If you have any questions or concerns, please do not hesitate 
to call. 

Sincerely, 

SMC MARTIN INC. 

Soil Scientist 

SEJ:rm 
8713I.J1 

cc: Tom Walsh 
Bob Zimmerman 
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SMC Martin r.;•t''""l '-'•·· : .. ,_ 
A D VISICn d Soena? Monoqement Corp::rc'lbon 

(i?~u) 
900 W Vclley forge Ro<'ld 

PO Box 859 

V<~lky Forge, Pennsylva md 19482 

Telephont: 215 265·2700 

July 19, 1985 
Ref: 8713-040-94003 

Mr. Randy McAlister 
Department of Environmental Resources 

and Environmental Control 
Water Resources Section 
89 Kings Highway 
P.O. Box 1401 
Dover, DE 19903 

Dear Mr. McAlister: 

Enclosed please find copies of the analyses regarding the 
groundwater recovery program being conducted at Camdel 
Metals. As of July 16, 1985, 6,933,000 gallons have been 
recovered and treated. Contaminant concentrations from the 
recovery well have remained below 50 ppb since June 28, 
1985. We are proposing to terminate the recovery program as 
of July 30, 1985 should contaminant concentrations remain 
stabilized below 50 ppb. In the event that contaminant 
concentrations do not remain stabilized below 50 ppb, the 
recovery program will continue unti l the desired stabilized 
concentrat ions are achieved. I will continue to forward 
analytical results, regarding the recovery program, for the 
remainder of the month or u ntil stable conditions are achieved. 

If you have any questions or concerns, please do not hesi
tate to contact me. 

Sincerely, 

SEJ/elq 
Enclosure 

cc: Torn Walsh 
B9P Zimmerman 

....,.Mlke Apgar 
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November 15, 1985 
Ref : 8713-040-94003 

Mr. Michael Apgar 
Department of Natural Resources 

and Environmental Control 
Water Resources Section 
89 Kings Highway 
P.O. Box 1401 
Dover, DE 19903 

Dear Mike: 

SMC Martin 

'"' r• 
900 W. Valley Forge Road '-'·•· • ~ 
P.O. Box 859 C ....... 1 
Valley Forge, Pennsylvdnia 19482 
'r elephone 2 I 5 265-2700 or 783-7 480 

. ..... 

\~ATER SUPPLY BRANCH 

~~~:On,%~® 
7,8,9,1),,,Jt,] ·2=~: -1 , e:~r 

l j l 
I ' 

Enclosed please find copies of th e analyses for the ground 
water recovery program being conducted at Camdel metals. As of 
November 4, 1985 , 14 ,424,600 gallons have been recovered and 
treated. Contaminant concentrations f rom the recovery well have 
remained below 40 ppb since August 30 , 1985 and have continued 
to decline to a low of 17 ppb as of November 4, 1985 . Weekly 
sampling will continue until contaminant concentrations in the 
recovery well have stabilized at or below 25 ppb. 

A minor spill was reported by plant personnel during the 
week of August 19, 1985. Plant personnel discovered the leak 
a nd quickly replaced t he faulty condenser. Contaminant 
concentrat ions in the recovery well reflect this spil l and its 
s ubsequent recovery. I will continue to forward anal ytical 
results until the desired concentrations are achieved. 

If you have any questions or concerns, please do not 
hesitate to contact me. 

Sincerely, 

SMC MARTIN INC. 

SEJ :njs 
8713/SEJLlN 
Enclosure 

cc: Torn Walsh - Camdel Metals Corp. 
Bob Zimmerman- Handy & Harmon Tube Co., Inc. 

A Subsidiary of Science Management Corporation 
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February 19, 1986 
Ref: 8713-040-94003 

Mr. Michael Apgar 
Department of Natural Resources & Environmental Control 
Water Resources Section 
89 King Highway 
P. o. Box 1401 
Dover, DE 19903 

Dear Mike: 

SMC Martin 

Enclosed please find copies of the analyses for the ground-water recovery program being conducted at Camdel Metals. These analyses include weekly results from December 2, 1985 through the combined quarterly and weekly sampling of February 3, 1986 and compliment the previous results submitted on November 15, 1985. As of February 13, 1986, 19,402,600 gallons have been recovered and treated. Although contaminant concentrations in the recovery well have rema i ned below the target concentration of 25 ppb since January 24, 1986, contaminant concentrations in Monitor Wells 4 and 7 are in excess of the agreed upon target concentration (50 ppb). Contaminant concentrations in these wells are not reflected in contaminant concentrations in the recovered water due to dilution and volatilization factors. Weekly sampling of the recovery well, ground spray, pond, Monitor Well 19 and quarterly sampling of Monitor Wells 4, 7, and 17 will continue. I will continue to forward analytical results until the desired concentrations are achieved. 
If you have any questions or concerns, please do not hesitate to contact me. 

Sincerely, 
SMC MARTIN INC. 

SEJ: nn 
Enclosures 
8713:SEJL1J 

cc: Tom Walsh 
Bob Z inunennan 

A Subs1d1ary of Sc1ence Manaqemf-nt Coq::o:-a:: r- :~ 
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REFERENCE 3A 
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UNIVERSITY OF . DELAWARE 
Water Resources Center 

THE AVAILABILITY OF GROUND WATER IN K E ~T COU~TY , DELAWARE, 
WITH 

SPECIAL REFERE NCE TO THE DO VER AREA 

by 

R. W. Sundstrom and T. E. Pic:kPtt 

Newa r k, Delaware 

June, 1968 
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February 19, 1986 
Ref: 8713-040-94003 

Mr. Michael Apgar 
Department of Natural Resources 

& Environmental Control 
Water Resou rces Section 
89 King Highway 
P. 0. Box 1401 
Dover, DE 19903 

Dear Mike: 

SMC Martin ORIGINAL 
(RED) 

9CJ(J W. Vo ll•·y F·· ~'l'" k:-o'~ 
P.O. Box H:.~ 
Vdl.•··j f c,: ' l' P··~.~, c·;>:-:~ .. ·1 • '·.; ~L 
T<-i•·r·L(.:J•· .t1: Lf-'J L7'f .. ·.: .'".' ~·_,,__ 

ORIGINAL 
(Red) 

Enclosed please find copies of the analyses for the ground-water recovery program being conducted at Camdel Metals. These analyses include weekly results from December 2, 1985 through the combined quarterly and weekly sampling of February 3, 1986 and compliment the previous results submitted on November 15, 1985. As of February 13, 1986, 19,4 02 ,600 gal lons have been recovered and treated. Although contami nant concentrations in the recovery well have remained below the target conc entration of 
25 ppb sinc e January 24, 1986 , contaminant conc entrations in Monitor Wells 4 and 7 are in excess of the agreed upon target concentration (50 ppb). Contaminant concentrations in these wells are not reflected in contaminant concentrations i n the recovered water due to dilution and volatilization factors. Weekly sampling of the recovery well, ground spray, pond, 
Monitor We ll 19 and quarterly sampling of Monitor Wells 4, 7, and 17 wi l l continue. I will continue to forward analytica l resu l ts until the desired concentrations are achieved. 

If you have any questions or concerns, please do not hesitate 
to contact me. 

Sincerely , 
SMC MARTIN INC. 

Soil Scientist 

SEJ: rrn 
Enclosures 
8713:SEJL1J 

cc: Tom Walsh 
Bob Zimmerman 
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THE AVAILABILITY OF GROU~ID HATER IN KEiH COU:HY, DELA~·/ARE , 

WITH 

SPECIAL REFERENCE TO THE DOVER AREA 

by 

R. ~/.Sundstrom and T. E. Pir.kPtt 

• 

N e w a r k , D e 1 a \'1 a r e 

June, 196 8 



GEOLOGY 

General Statement 

ORIGINAl 
(RED) 

Ofl!GJN L 
( d) 

In any hydrologic study an understanding of the geologic framework is essential. Conversely, hydrolo·gic data is useful in mapping the distribution of geolo~ic units. The structural orientation of sandy and clayey geologic units (aquifers and aquitards) partially controls the flow of ground water. By plotting the thickness and elevation of sandy geologic units from water well information, one can construct maps which suggest where and how deep to drill for water , and also give an i~ea of the quantity and quality of wate~ to expect. The Delaware Geological Survey maintains a growing file of well data which provides points in mapping the three-dimensional geologic network. 
The geology section of this report is a compilation of current knowledge of Kent County geology, based primarily on water well data, but also on previously published reports by the Delaware Geological Survey and others, as well as unpublished studies. Special test drilling using a truck - mounted auger was helpful in areas where further information was needed in the construction of maps. Discussions with Dr. Johan J. Groot, Dr. Robert R. Jordan, M r . N e n ad S p o 1 j a r i c , a n d t1 r . K.e n n e t h D . W o o d r IJ f f o f t h e De 1 a w a r e Geological Survey were very helpful in the compilation of this report. Their efforts are gratefully acknowledged. Thanks also go to Mr. Arnold Fogelgren, Field Engineer of the Geology Department, who was responsible for the drilling : 

Particular attention has been paid to the geology of the Dover area because this is one of the most rapidly growing areas in Kent County, and water needs are likewise expanding. 

General Geology of Kent County 

Kent County lies entirely within the Atlantic Coastal Plain Province (figure 2). Sedimentary beds gently dip toward the Atlantic Ocean to the southeast at an approximate average dip of 15 feet per mile, forming a sedimentary wedge. Successively younger units dip less steeply , and most units tend to thicken in the downdip direction (figure 3). Maximum total thickness of sediments is about 2,200 feet in northwestern Kent County and 
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4,200 feet in the southeastern part of the County. Sediments consist of unconsolidated grave l s, sands, silts, and clays. The Coastal Plain is part of the Continental Shelf, and sediments are located in the landward extension of a coast-parallel trough called the Atlantic Coast Geosyncline. 

Underlying the wedge of Coastal Plain sed.iments is the Basement Complex, which is the continuation, downdip, of the ancient metamorphic and igneous Piedmont rocks of northernmost Delaware. Nothing is known of these rocks first-hand in Kent County, because no wells to basement have been drilled in this County. How ever, they are presumed to be gneisses, schists, and gabbros be cause these a~e the rocks found in the Piedmont. 

Sedimentary units in Kent County (table 1) record successive transgressions and regressions of the sea in this area. The oldest sediments in the Coastal Plain in Kent County are non-marine ~eposits (Potomac Formation) of Early to Late Cretaceous age. hey were deposited in fluvial environments. The Potomac and other units except the Columbia are not exposed at the surface in Kent County; therefore, all knowledge of them is derived from a very few deep wells and projections from their updip exposures in New Castle County. During Turonian time (Late Cretaceous), a marine transgression occ urred. This initial transgression is marked by the Magothy Formation . Marine deposition continued with little or no break into Tertiary time, until at least the Middle Eocene. Deposited during this i nterval were the Cretaceous Matawan Formation (silty), the Monmouth Formation (sandy), the Eocene-Paleocene Untts A, B, C (silty), the R~ncocas Formation (sandy) and the Piney Point Formation (sandy). These units represent times of relative transgression (silty sediments) and regression (sandy sediments) of the sea. After Eocene time the area must have been above sea level, because no Oligocene sediments are known from the northern Atlantic Coastal Plain. However, the area was sub-~erged again by a sha ll ow sea during the latter part of the Miocene. During th~ Miocene the Chesapeake Group of silts, clays, and sands was deposited. Sa nd s are found scattered throughout the Chesapeake Group, but the two main zones of sands in Kent County are called the Cheswold and Frederica aquifers. Sea level again dropped at the close of the Miocene, followed by a period of nondeposition and erosion during the Pliocene and perhaps part of the Pleistocene. Pleistocene (Columbia Formation) fluvial, and probable shoreline deposits in the southern part (Jordan, 1964), cover Kent County as a veneer. There are virtually no undisputed exposures of sediments older than Columbia in Kent County. Therefore, geologic work requires the study of well logs and samples. 
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TABLE l 

Age 

Plei s t oce ne 
Mi ocene 

Eo cene 

Pa leocene--Eocene 

Cretaceous 
Pa l eocene--Eocene 
Cretaceous 
Paleocene 
Late Cretaceous 

Early Cretaceous 

Distribution of Geo logic Units in Ke nt County 

Name Rock Type 
Columb i a Fm. Sa nd , grave l 
Chesapeake Group s i l t , c l ay and s and 
Frederica Aq uifer Medium to coarse 

sa nd 
C h e s "' o l d A q u i f e r Me dium to coarse 

sand 
Piney Point Fm. Glauconitic sand 

and s ilt 
Un i t C · Glauconitic si l t, 

sa nd and clay 
Rancocas Fm. Glauconitic sand 

and s il t 
Unit A Glauconitic silt 

and c l ay 
Uni t B Gla~conitic si lt, 

c l ay, sand 
Monmouth Fm. Gla ucon it i c s and 

and silt 
Matawan Fm . Fine sand, s i l t, 

clay Magothy Fm . Sand and si lt 
interbedded 

Potomac Fm. Vari egate d c l ay and 
sand, inte rbedd ed 

Occ ur r ence 

Thro ughout Ke nt Co. 
Thro ughout Ke nt Co. 
Ce ntral and Southern 

Kent Co. 
Througho ut a ll but 

tL Ke nt Co . 
Southern 4/5 Kent Co. 

Northern Kent Co . 

Northern Kent Co . 

Sou thern 4/ 5 Kent Co. 

Northern Kent Co. 

Th roughout Kent Co. 

Th r oughout Kent Co. 
I 

I Throughout Kent Co. i 

: Throughout Kent Co. 
i 

~....;; 
(I) C) 

~~ 
JS ,_ 

0 
- :::0 ..., -e .... 
-::::0 
~-me O:z 
-~ r-



Major Geohydrologic Units 
ORIGINAl 

(RED) 
The term "geohydrologic unit" i s used to refer to a mappable 

sandy zone, which forms a grou nd water reservoir, that can be 
demonstrated to be a unit by hydrologic as well as geologic data. 
Thus , when Pleistocene or Columbia Formation, Frederica aquifer , 
Cheswold aquifer, Piney Point Formation, or Rancocas Formation 
are r eferred to in this report, the reference is to be a permeable 
sandy unit of which the total thickness given is the total sand 
thickness . Table 2 shows the stratig r aphic distribution of the 
geohydrologic units as well as other geologic units which are 
fine-grained and essentia l ly aquitards. Import ant aqu ifers are 
indicated . The table a lso shows their stratigraphic equivalents 
in Maryland and New Jersey . 

Structural and thickness maps of these textural units have 
been prepared using electric and gamma ray log data as well as 
geologists' and drillers' descriptive logs on file at the Delaware 
Geological Survey . Some core and ditch samples were also studied . 
~~he r samples used in preparing the maps were collected during 

.e Ke nt County drilling program conducted by the Delaware Geolog 
ical Survey during the winter and spring of 1967-68. Elevations 
shown on the maps in this report are in feet relative to sea 
level. 

The oldest sediments in Kent County, of Cretaceous age, are 
mentioned only brief l y in this report because not much is known 
of them and they are probably too fine grained and salty to be 
good sources of water in Kent County; whereas in New Castle 
County the Cretaceous is an aq uifer. The Cretaceous is divided 
into the Lower non - marine Cretaceous (Potomac) and the Upper 
marine Cretaceous (Magothy, Matawan; Monmouth) . 

The Potomac Formation, used extensively for water in New 
Castle County, has been reached in only two wells in Kent County 
a• depths of approximately 1,123 feet at Cheswold and 1,400 feet 
a _ the Dover Air Force Base. The Potomac Format io n contains 
white and gray sand and some gravel; variegated white, yellow, and 
red silts and clays which are lignitic in places (Rasmussen, 
Groot, Depman 1958 ). The individual sand layers in the Potomac 
in New Castle County are generally not continuous horizontally 
for an y extent and occur in sandy "zones" rather than dist inct 
geologic units, and this is probably true in Kent County. The Magothy Formation is a white and buff quartz sand with 
)eds of gray or black clayey silt (Jordan , 1962 , p. 9). It has 
)een pe netrated by only two wells in Kent County: the Inter 
lational Latex Company well at Cheswold and the Qover Air Force 
~ase well. Depths to the top of the Magothy Formation are about 
,050 feet at Cheswold and about 1,335 feet at the Dover Air 

:orce Base. 
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New Jersey Delaware Mar yland 

... Porsonsburo Sand 1 

ORIGINAl 
(REO) 

Omor (!) Pamlico Fm. 1 
C4pe May Fm.* Fm. 0 Talbot Fm. 1 

OlfiGf!l4t Quaternary Pleistocene It 
Columbia 

..CI Walston Silt 1 
Pensouken Fm. Fm. E fRed) 

Pliocene 

<?l 

Miocene 

Tertiary Olioocene 

Eocene 

Beaver· .2 Beaverdam Sand It 0 Bri doeton Fm. (Aquifer) domFm u 

• ......._srandywine 
Beacon Hill Gravel Bryn Mawr......._ Fm. (?l Bn:andywine, Bryn 

Mawr, and Beacon 
Hill Grovels 

Cononuy Sand 

Kirkwood Fm. 

Piney Point Fm. <?l 
Shark River Fm. 

Manasquan Fm. 

a: Homeratown Fm. 

Fm. 

Chesapeake 
Gr. 

(tenta tive l 
Aquifers: ~{ · Yorktown and Poc:om~kt ! C4hansey Fma.1 

Monoken o 
Frederico ~ St. Marys Fm. 
Cheswold ~ Choptank Fm. 

• Calvert Fm . .1: 
u 

Pi ney 

Aquifers:' 
Pocomoke 
Manokin 

Unit C 

Point Chickahom iny Fm. 

{Aqu~ ~ { Pine.y Point Fm. 
,.. NanJemoy Fm. 

Unit ~ i Aquio Fm. 

0 Rancocas 
Fm. 

(Aquifer) 

0.. 

Briohtaeot Fm. 

,...__ 1 - ~gou·~ Vincentown Fm. 

Paleocene 0 

~----~~----~ Unit B 

~ { Redbanlt 

Upper 

~{Tinton Fm.** 
..: Redbonk Fm. 1 Noveaink Marl 
g Mt. Laurel Sand 
2 1 Wenonah Fm . ... 
(!) 

c: 
0 • 0 

Marshalltown Fm. 

Enolilhtawn Sond .. 
Cretaceous ~ Woodbury Cloy 

Merchantville Fm .. 

:; Fm . 

~ Mt.Laurel
o Novnink 

1 Merchant· 
2 ville 

Mon
mouth 

Fm. 

otowon 

Fm. 

Monmouth Fm. 

Matawan Fm. 

Cretaceous 

~ ~ ;onah 

Tobie 2 . 

Lower 

Cretaceous 

Mooothy Fm. 

Raritan Fm. 

Potuunt and 
Patopsco Fms. 

Maoothy Fm. 

Potomac Fm. u 
0 
e< 
0 .... 
0 
0.. 

' 

Mooothy Fm. 

Raritan Fm. 

Potopsco Fm. 
Arundel Cloy 

Patuxent Fm. 

Correlation chart of t he Coastal Plain unih in New Jersey, Delaware, and Maryland. The aection .for New Jersey is adopted from Kosoboch and Scudder ( 1961 l and Kiimmel (1940). The Maryland section is adopted from Rosmusaen and Slouohter ( 1955). 
*Not always uporoble into formations and may be collectively termed "yellow orovel series". 
**Monmouth County only. 
t Divisions recoonized only in port of the Eastern Shore. 

FROM JORDAN, 1962 
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ORIGINAL 
(RED) The Matawan and Monmouth Formations in the Dover well (Rasmussen, Groot and Depman 1958) are, respect~vely, clay to clayey sand and clayey sand. Therefore, they are apparently poor aquifers in Kent County. 

Paleocene - Eocene 

Rancocas Formation 

The Rancocas Formation is a green and grayish or slightly brownish - green, fine to medium- grained, silty, glauconitic sand (Jordan, 1962, p. 18). It has been dated as Late Paleocene .or Early Eocene age (Jordan, 1962, p . 19). 
The Rancocas Formation crops out in southern New Castle County in the Middletown-Odessa area and dips southeast, in the S"bsurface, into northern Kent County as a sandy tongue of green . 1d surrounded by the finer -g rained glauconitic unnamed Units A, 8 and C (figure 3). The Rancocas dips underneath the younger Piney Point Formation and probably loses its identity as a unit just south of Cheswold. The International Latex well at Cheswold contains the southern-most evidence of the Rancocas Formation. South of this point it apparently grades into the .fine-grained sediments of Unit A. 

Because of its limited extent in Kent County, the Rancocas Formation forms one of the least pr oductive geohydrologic units in the County. It is found at depths ranging from about 50 feet below sea l evel in the northwest corner of Kent County to about 200 feet near Smyrna (figure 4), to a depth of 400 feet below sea level in the International Latex well at Cheswold. The sand tongue at Cheswold is separated from the overlying Piney Point Fnrmation by about 110 feet of Unit C, which is a silty sand ~ . gure 3). 

Piney Point Formation 

The Piney Point Formation in Delaware is a green, medium and fine-grained, glauconitic sand (Jordan, 1962, p. 26). The Jlauconite content is important in distinguishing it from the )Verlying nonglauconitic Miocene sediment. The Piney Point has >een dated as Jackson equivalent (Late Eocene) largely because of :he litho l ogy and presence of Jacksonian microfossils from the >over Air Force Base well (Rasmussen, Groot, and Oepman, 1958). 'reliminary examination of the foraminifera in a 1968 well ·drilled 'Y the City of Milford indicates that, at least for the downdip •ortion of the Piney Point Formation, a slightly older fauna Early Eocene) may be present (Jordan, personal communication). 
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ORIGINAL 
(RED) The Piney Point Formation lies entirely within the subsu rface in Delaware. Nowhere is it found c l oser than 200 feet from the surface. It is an elongate lens of sand striking northeastsouthwest and generally dipping toward the southeast. Because it is an easily mapped, distinct, sand unit, the Piney Point is given formational status. It is more easily mapped than the other geohydrologic units in Kent County. 

The northern limit of the Piney Point Formation is north of Cheswold where it probably changes facies updip into the finirgrained Unit C. The upper surface of the Piney Point dips from a depth of 200 feet at the northern limit to about 630 feet at Milford (figure 5). The dip apparently increases southeasterly. Underlying the P~ney Point south of the Cheswold area is Unit A, a finer-grained glauconitic sediment. 
The Piney Point Formation is about 80 feet thick in the Cheswo ld area and 175 feet thick at Milford (figure 6) . The tr · -:kest portion is in the area just south of Dover where it re~~hes about 250 feet at Woodside and the Dover Air Force Base. The thickest portion of this sedimentary lens i s between Dover and Frederica and the lens thins both north and south. 
The Piney Point Formation was recogn ize d in Maryland before it was found in Delaware. Structural contours on maps by Otton {personal communication) of the Maryland Piney Point Formation 1re in accordance with those of Kent County prepared for this relort. The extent of the Piney Point Formation in New Jersey is ;hown by Richards, Olmsted and Ruhle (1961). Their maps are also n essential agreement with those pr~pared for this report. 
Limited water well data suggests that the Piney Point is ocated in a northeast-southwest trending trough, the axis of hich is located between Dover and Frederica. Thi s i~ the present o tion of the thickest sandy sediments. This may be a strucu.dl trough caused by warping of beds or it may be a facies hange indicating the location of a beach environment. A beach nvironment would have thicker sand accumulation due to wave, ind, and current action just as on a modern beach. There is no ay of assessi ng the thickness of Piney Point sediments removed y Oligocene and Miocene Pre-Chesapeake Group erosion, so the and may have bee n even thicker, originally. 

The Piney Point Formation is much finer-grained at Milford 1an it is further north, and probably the Piney Point does not :cur as a distinct sandy unit much farther south than Milford. 

Miocene 

The Miocene sediments .in Delawa re are collectively called the esapeake Group. They consist of predominantly gray a nd bluish-
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ORIGINAl 
(REO) gray silt containing beds of gray, fine-to medium-grained ·sand 

and some shell beds (Jo rdan, 1962, p. 27). The two main zones of 
sand in the Chesapeake Group are called Cheswold aquifer (lower 
unit) and Frederica aquifer (upper unit). A few unnamed thin 
sand bodies are present above the Frederica in southern Kent 
County. 

The Delaware Chesapeake Group correlates· with the Maryland 
Chesapeake Group (table 2) . The Kirkwood and Cohansey units in 
New Jersey probably, in part, correlate with the Delaware 
Cheswold and Frederica (table 2) . The name Calvert Formation 
from Maryland also has been applied to a large segment of the 
Delaware Miocene. However, the diatoms which are so prominent in 
th~ Calvert in Maryland are not as abundant in Kent County well 
cores (Jordan, 1962, p. 31) . 

The Miocene Chesapeake Group lies unconformably on the 
Paleocene-Eocene Units and Piney Point Formati on (figure 3). It 
is overlain, separated by an angular unconformity, by Pleistocene 
sediments, which are frequentl y similar in color and texture to 
some of the Miocene sands. This is particularly true in the out
crop belt of the Frederica aquifer, in the Dover area. The Chesapeake Group forms a wedg~-shaped mass in Delaware 
starting just south of Middletown in New Castle County. It 
thickens and dips southeasterly to a maximum depth of about 1,550 
feet under Fenwick Island (Rasmussen et al, 1960). The sediments in the Chesapeake Group suggest a transgres
sive, regressive, transgressive, regressive sequence of sea level 
change. The sands of the Cheswold and Frederica were probably 
deposited under regressive, shallow water conditions. Probably 
none of the Chesapeake Group sediments were deposited under deep 
seas. 

Cheswold Aq uifer 

The Cheswold aquifer is a sandy zone, not distinct enough as 
a geologic unit to be called a formation. It consists of medium 
to coarse sand and shells. The dominant color is gray (Marine, 
1955, p. 113) . The Cheswold is overlain and underlain by domi
nantly gray silts and clays of the Chesapeake Group (f igure 3) . The depth of the top of the Cheswold aquifer ranges from 
around sea level in the updip area near Smyrna - Clayton to about 
360 feet below sea level in the vicinity of Milford (figure 7). 
Probably the Cheswold continues as a unit for some distance into 
Sussex County. 
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The top of the Cheswold aquifer, between Smyrna 0and Dover, dips at about 11 feet per mile (Marine, 1955, p. 113). CThis updip portion has been beveled by Pleistocene erosion and deposit ion (figure 3). This explains the wide distance between the 0 and 25 foot thickness contour lines in figure 8. The Cheswold thickens from this beveled area in the vicinity of Smyrna-Clayton to a maximum thickness of about 75-100 feet in an area centered nor th of the Town of Frederica and trending northeast-southwest (figure 8). The Cheswold thins again south of Frederica. Thus, the Cheswold is lens shaped. The thick area may have been a beach environment or a basin of thicker sand accumulation. 

Frederica Aquifer 

The Frederica aquifer is a sandy zone in the Chesapeake Group, above the Cheswold aquifer and separated from it by gray sandy silts. It consists of generally medium to coarse-grained sand with some material of gravel size and locally abundant shells (Marine, 1955, p. 117). 

The Frederica is even less distinct a geologic unit than the Cheswold, and mapping it is more difficult than mapping any other geologic unit in Kent County with the exception of the Columbia. There are several Upper Miocene sands in Kent County, particularly in its southern part. It is often hard to judge from well informatjon which of these units is the Frederica. Another difficulty is that in the outcrop belt of the Frederica, (figure 2), where it is found in contact with the overlying Columbia Formation, the similarity in lithology of the two units can be very confusing. Both Columbia and Frederica sediments can be medium to coarse light gray sand. 

However, the Frederica aquifer is defined as the Upper Miocene sand found beneath the Town· of Frederica at an elevati on of about 125 feet below sea level, and this unit i s the one map ped (figures 9, 10). Other Upper Miocene sands are generally thinner than those mapped as Frederica. Also, the Frederica is the only sand which can be traced all the way from Milford to Dover. It is possible that the non-Frederica Upper Miocene sands may be in part the updip portion of the Manokin aquifer, which is well-developed in Sussex County. 

The Frederica dips southeasterly from the beveled updip edge which strikes northeast-southwest through Dover ( figure 9). The elevation of the top of the Frederica reaches a maximum of -200 feet at Milford. The top of the Frederica aquifer between Camden and Milford dips at an average of 9 feet per mile (Marine, 19_55, p. 113). 
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part 

·aRIGl~Al 
(REO) East of Dover the contour 1 i nes on t -he top o'1l>/(I:)J~ Frederica sharply to the north (figure 9). A possible fe;!(p1 ~ nation for may be the removal of overlying Pleistocene sediments and of the Frederica by erosion from the nearby Delaware River. The Frederica thickens downdip from a pinch-out at Dover to 

a maximum of about 50 feet about 6 miles southeast of Dover (figure 10). It then thins downdip to about 12 feet at Milford 
and probably extends only a very short distance into Sussex County. In the Milford area the Frederica is virtually indistin
guishable from other Upper Miocene sands because it is so thin. It should be noted that the Frederica aquifer is thickest in the same general area that the Piney Point Formation and Cheswold · 
aquifer are thickest. It has a similar elongate, lens-like shape. 
This suggests a possible structural basin or trough in the Coastal 
Plain, whose axis is located about 6 or 8 miles southeast of Dover 
and has a bearing of about N 45°E. This trough was receiving sediment at least from Eocene to Upper Miocene time because of the apparent coincidence of the greatest thickness of Eocene and 
Miocene sediment in this area. 

Pleistocene 

The Pleistocene series, also known as the Columbia Formation 
(Jordan, 1962,· p. 44), is a mostly coarse, moderately sorted, quartz sand with a considerable admixture of gravel and commonly 
containing cobbles and, in some places, boulders. Thin silts may 
be present but are uncommon. It is generally cross-bedded. North of Dover Columbia sediments are generally yellow to dark reddish brown; but south of Dover they are frequently light gray 
or cream colored and easily confused with Miocene sands. However, 
toward the base of the lighter colored Columbia sands south of Dover yellow to dark orange-brown sands are encountered which are 
similar in color to .the Columbia north of Dover. This may be evidence of Columbia marine encroachment over earlier fluvial Columbia sediments. 

The Columbia sediments form a veneer over all the other Coastal Plain sediments in Delaware, and are separated from them 
by an angular unconformity. Because the Columbia sediments are more permeable nearly everywhere than the underlying sediments, they allow almost unrestricted recharge to the strata below. A detailed thickness map of the Columbia sediments in Kent County is difficult to construct with the limited available data. 
Moreover, it is the nature of most of the Columbia sands to be uneven in thickness. The thickness is controlled by the type of 
depositional environment and by post-Pleistocene erosion. There
fore, the thickness map of the Columbia sediments (figure 11) has 
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ORIGlNA\ 
(RED) only the 20 foot contour line drawn and point thicknesses given for other areas. It is believed that the 20 foot contour line is the only one that could be drawn with any degree of accuracy .. 

Columbia sediment thicknesses in northern Kent Co unty reflect braided stream channels typical of New Castle County. SpolJa~ic (1967) found that the Pleistocene channels in New Castle Coun t~ ~ecome more braided southward. There appears to be a major chan nel in the Smyrna-Clayton area. This channel has a north-south trend. 

The thickness of the Columbia thins to zero near the Delaware River ( figure 11). The Delaware River, in Pleistocene time,. cut its channel deeper and wider and in doing so, removed the Pleistocene cover. Modern river-derived organic-rich silts, clays, and fi~e sands now cover Miocene and older sediments in this area. 
In the vicinity of Dover there is a transitiorr from domi nantly fluvial to marine conditions. Evidence for this is a change in color of the sediments (see above). Also, the sediment i s finer and better sorted south of Dover than north of it. Some of the sands are laminated or mottled as in modern coastal envi ronments. In addition, as shown on figure 11, there appears to be a ch ange to a more uniform, thicker Pleistocene section in the southern one-fourth of Kent County. This area is possibly a relict Pleistocene sho reline. The more unifQrm thickness, finer grain size, and color are more typical of · a marine than a fluvial sedimentary environment. 

Jordan (1967, p. 12) designate s Pleistocene sediments in southwestern Ke nt County as the informal "Staytonville unit." He earlier (1964) had referred to this area as "estuarine facies." The Staytonville unit consists predominantly of medium grained sands, although fine and coarse sands as well as silts are abundant. The unit is distinguis hed by its irregular and indistinct bed d i n g and a b r up t l ·a t era 1 and vert i c a 1 co 1 or changes . I n p 1 aces it is mottled both iri texture and in color . This mottling is similar to that done by burrowing organisms in an estuary . 
Jordan (1964, p. 69) also mapped a small patch of "beach facies? .. in southern Kent County, j ust north of Milford. This is further evidence of a Pleistocene shoreline in the area. 
The texture and color of sediment samples from new test holes drilled for information in constructing figure 11 of this report suggest the existence of a Pleistocene shoreline in the general area of southern Kent County. 

- 28-

------ - ---.--...,. --..------ -- -



Dover Area Ge olo gy 
ORIGlh. 

(REr The c!t ar ge to t he a ut ho rs o f t h is re po rt •;~a s t ~ i nves ti ga ~ e 
t he water res ou rce s a nd geo l ogy o f Kent County wi t h pa rti c ular 
e mp~a si s on Dov er. Dover is t he most popu lat ed a rez in t he 
County and has t he lars es t nee d f or water . Fort unately , there 
are many wells located in the Do ver area fr om whi ch ge o l og i c in 
f or mation can be gathered. 

Dover is l ocated just nort h o f t he .. trough" of t h ic ke st 
sa nd s of the Piney Point Formation, Ches wo ld and Fred er i ca aqui
fers. It is also l ocated just nort h of t he tra nsiti on zon e of 
Pl ei sto cene s ed ime nts fr om t ypi call y o ra nge - ta n f l uvicl se d i men ts 
t o better s orted , more uniformly thick, grayish, appare n tly ma 
rine sediments. Therefore , Dove r i s just north of being ideally 
situated, geohydrologically speaking. 

The lower most useful a~uifer, the Piney Point Fc r ma ticn , is 
be t~ ee n 100 and 180 feet t hick i n t he Dover area ( f i 2ur e 12 ) . I~ 
t ni cke ns rapidl y down~ip in south Dover. 

TGe Pine y Poi nt F o r~ati o n is f ound at a de p t h o f ao: r oxi 
ma te ly 235-3 00 feet below sea level in t he Dover area ( f ~ g u re 13 ) . 
0 n t h e b a s i s o f o n 1 y s i x we 1 1 s . t h e r e " ~ ~" .::. r s t ~ t ~ u ~ :·, i f ~ i n 
: ~ -= ,.; t , i ~ ~ o f t: n e 1-' i n e y Po i n t F o r m a t i on f r nr.1 n n r r h o ? ... : : : :.: ': ~ •.• ~ ....... 
~ ~ ~ :--: : ;--. ~ , • ~ ; 1 c a_ l ::a i u t: o r u o v e r to a more no r t h - s··a u t h s t r i k e on 
t he southwest side of Dover . This may indicate a tro ugh s ou t h
east of Do ver ( ·: igure 13). However , the scanty data is not suf 
ficient to make 1 positive statement. 

- --:.. .... The Cheswol l and Frederica aqu"i fers are both present in t h ~ 
Dove r area but t 1eir indistinct upper and lower boundaries plus 
t he scantv data 1recludes the construction of a meanin o f ul map 
on t he scale of .he Dover maps (figures 12 , 13). ~ The Cheswolt is about 135 feet below sea level in the Dove r 
... . ea and is ap prc ximately 60 feet thick. 

The Frederi<a aquife r has its updip end in the Dover area. 
Because t he Frederica aquifer is overlain directly by the Colum
bi a sediments here (figure 3), the two act as on~ geohydrologi~ 
u n 1 t. 

The Columbia Formation thickness varies fro m about 40 to 60 
feet in t he Dover area. However, the effective thickness as a 
ge onydr ol og i c unit is more because Frederica sands directly 
und erlie t he Columbia. Although there is more Columbia thickness 
da~a i n t he Dover area than in any other area of Ke~t County, 
there is not enough information -to construct a meaningful thick 
l ess rn a~ for the Dover area. Dover seems . to be near the mi ddle 
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(REO) 

of a cent ral channel extending down the middle of KGnt County . South of Dover the Columbia sediments cha nge co l or from orange , reddish ta n to light gray, become thicker , and also become rnore uniform in thickness. This proba bly r ep r ese nts a transitional facies between fluvia l and ma rine Pleistocene environments . 

Drill ing Program for Ken t County 

Fifteen auge r holes were drilled in connection with this study in o rd e r to gain mo re data in areas of scanty information (figure 14) . The drilling was done by Mr. Arnold Fogelg ren, Field Engineer , of the Geology Departme nt using the University·· owned powe r auge r. 

Auge r cutting samples , samples peeled from the auge r flights , an d cores were taken an d stud i ed in orde r to construct the maps associated with this report . 

The auge r holes fulfilled several purposes : Those in north ern Kent County he l pe d dete r mine the l ocation of the updip emergence of the Ch eswo ld aquifer under th e Columbia sands (out crop area) . I n the Dover area drilling helped determine the location of the updip emergenc e of the Frederica aq uifer unde r the Colu mb ia sands ( outc r op area). Th e holes south of Dove r helped determine the nature of Columbia sediments in this area and the depth to under l y i ng Miocene sediments . Al l of the drill ing in Kent County pr ovided information on Columbi a thicknes s. 
The area of lea~t geologi c know ledge in Ke nt County is the southweste rn ~ art. Ho l es drill ed he re were particular l y valuable . Part of this area is underlain by t he Staytonville unit (Jordan , 1967, p. 12) which seems to be an are a of trans i tio n from fluvi al to ma rine deposition . Very little was known of the Staytonville uni t at dept h before drilling. 

Addition al holes in the area between Dove r an d the Towns of Frederica and Woodside migh t serve to de l ineate the " t rough" where Piney Point, Cheswo ld, and Fr ederica sediments were foun d to be thickest (figure 3) . 

Drilling might also help solve the problem of differentiating Miocene and Pl e i stocene sands south of Dover and provide more information on the nature an d configuration of Pleistocene shore lin e environ me nts in souther n Ke nt County. 

Summa ry 

Evi den ce fr om well l ogs suggests tha t the Piney Point Formation extend s fa r the r north in Kent County tha n pr e viously 
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ORIG 
(RED) The coefficient of storage at the East Doyer Elementary School is twenty times higher than that at the Danner Farm well, although both are low. The coefficient of storage at the East Dover Elementary School is 0.0062 and at the Danner Farm test well 0.00031. 

Hydraulic Boundaries of the Cheswold Aquifer 

The outcrop of the Cheswold aquifer in the northern part of the County is sufficiently close to the pumping in the DoverDover Air Force Base area so that its favorable recharge image effect on the pumping levels in the wells is substantial and must be taken into account in computing the mutual interference between wells .. Likewise, in any other part of the northern half of the County, recharge boundary effect will be favorable to the computed drawdowns. · 
The transmissive properties of the Cheswold vary greatly from place to place. Northwest, west and south of the DoverDov~r Air Fore~ Base area the water-yielding properties of the Cheswold are not conducive to large yielding wells. No wells in this area are known to yield more than 300 gallons a minute, some are in the 100 to 200 ga 11 ons a minute range, many .are in the 100 gallons a minute or less range, and in some localities the Cheswold does not yield a satisfactory supply. Although the Cheswold has poor water-yielding properties in places, it is believed that the continuity of the aquifer is such that no barrier boundaries of substantial magnitude exist. 

Available Drawdown in the Cheswol~ Aquifer 

The available drawdown at the time pumping began in the :heswold aquifer ranged from no drawdown at 12 feet above sea 
1 evel in the northwestern part of the County in the outcrop area :o about 360 feet below sea level downdip at Milford. At Dover tnd at Milford the development of the Cheswold has been so in:ensive that the pumpage during peak demands in 1965, 1966 and 967 has caused the drawdown to reach the top of the aquifer in ·our of the seven wells of the City of Dover and in one well in ilford. Table 21 lists the lowest pumping levels and the dates hey occurred in the City of Dover wells along with the remaining vailable arawdown. The low drawdowns occurred during periods hen the pumpage in the Dover area from the Cheswold aquifer veraged about 6,500,000 gallons daily. Additional draft on the heswold will necessitate adjustment in the rate of pumping of ~me of the Dover City wells. 
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(Jordan. I '962). Shells and shell fragments are common in the unit. Sundstrom and Pickett (1968) pointed out that these sediments represent a series of sea-level transgressions and regressions. Several aquifers have been identified in the Chesapeake Group on the peninsula, most notably the Cheswold, Federalsburg, Frederica, Manokin, and Pocomoke aquifers (Table 1 ). Of these, only the Cheswold aquifer is a significant aquifer in the study area; the rest of the Chesapeake Group sediments are considered to be confining beds in t his study. 

The lower sandy zone of the Chesapeake Group is the Cheswold aquifer. The aquifer is composed of fine to coarse sand and shell s. Its thickness ranges from zero at its updip limit to more than 150 feet downdip. The aquifer is 50 to 7 5 feet thick in the Dover area. The top c f the Cheswold aquif~r ranges in depth from about sea level in the Smyrna-Ciaytc ·n area to about 360 feet below sea level near Milford, in sou thern Kent County (Sundstrom and Pickett, 1968). Marine and Rasmussen ( 19 55) reported the dip ~f the aquifer to be about 11 feet per mile between Smyrna and Dover. The Cheswold aquifer directly underlies the unconfined aquifer in a narrow subcrop be t about 8 miles north of Dover (Johnston and Leahy, 1977, Figure 4 ). 

The Columbia Group (or For nation) overlies the Chesapeake Group and consists of fine to coarse sand occu Ting as a southward-thickening wedge across central and southern Delaware (J< hnston, 197 3). The Columbia Group is of Pleistocene age, mostly fluviatile ir origin, and for ms the water-table aquifer in most of Delaware (Jor dan, 1962, 196 'f; Jordan and Talley, 1976). In some locations, the Columbia Group may rest directly upon the subcrop of an underlying Miocene aqui fer with the entire sequence fur ctioning as the water-table aquifer (Johnston, 1977). The saturated thickness of th< unconfined aquifer ranges from about 15 feet north of Dover to about 170 feet n!lr Milton. In the Dover area, the saturated thickness ranges from 15 to 56 fee t. 

~tgure J snows a generauzea geoiogic cros5-sectJon to t:ne base oi t:r1e Magothy aquifer. The section indicates the aquifers and confining beds modeled. 

rv\ovement of Ground Water 

Before pumping began, hydraulic equilibrium prevailed in the aquifer system under lying Kent County. Recharge to t he unconfined aquifer resulted from f requen t periods of precipitation, and discharge occurred as evapotranspiration, base flow to streams~ and downward leakage to the under lying Cheswold aquifer. 

Prior to pumping, the Cheswold aquifer was recharged directly from the unconfined aquifer in its subcrop area and by downward leakage from the unconfined aquifer through the sandy confining bed in inland areas. Discharge was by upward leakage in coastal areas through the confining bed to the unconfined a~uifer . The Cheswold aquifer probably recei ved a very small amount of water by upward flow from deeper aquifers near the Delaware Bay, and discharged a very small amount of water by downward leakage to deeper aquifers inland. 
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The Piney Poin: aq u if~S=r r.ei~he; c rops ou t nor has a subcrop beneath (~~0) 
O\erl ying aquifer. and all flO\\ to and from the aql.!ifer appears to be b~· vertic ::! 
lea k age thr0ugh adjacent confining beds. L"nder prepumping ccndirions, the 
hy drology of t he Piney Point aquifer invo l\'ed r echarge from overl ying aq u ifers 1n. 
updip areas, lateral movemen t through the aquifer. and discharge to overlying 
aquifers in downd ip areas . The Piney Point 2q uifer probably also received 
extremely small amounts of water through upward le.=.kage f rom the deeper 
~lago thy aquifer. 

The original hydrologic equilibr ium within the Piney Point and Cheswold 

aquifers has been disturbed by the withdrawal of a large amount of water. causing 
t\\·o regional cones of de pres ion to cevelop around Dover, Dele: ware. Pumptng no\v 
c:c counts for a large part of the cischarge from both aquifers \vithin the study area. 
Wcter levels in the Piney Point and Cheswold aquifers have not stabilized in 
response to these pumping stresses, indicating that a new equil ibrium has not been 
reached. Pumping has induced additional vertical leakage from the unconfined 
aquifer into underlying aquifers in the Dover area. This conclusion is supported by 
a reduction of approximately 30 percent or 10 cubic feet per second (ft 3/s) in the 
base flow of the St. Jones River near Dover (Johnston and Leahy, 1977). 

If the present pumping scheme is maintained, the aquifer s will eventuallv 
reach equilibr ium. However, if future ground-water wi t hdra \\·als increase in any 
aquifer of the system, additional time will be required for the aquifers to reach a 
new equilibrium. 

Ground- \Vater Pumpage 

The Piney Point and Cheswold aquifers provide approxima =ly 80 percent of 
t he total municipal and industrial water pumped in Kent County . Over 90 percent 
of the modeled pumpage from the Piney Po.im and Cheswold aqui ·ers occurs within 
the study area. Sign ificant pumpage from t he Piney Point aqui f er in the vicinity of 
Cambridge, Mary land, (located approximately 50 miles southwc st of Dover) has 
occurred in t he period 1952-77 . However, water levels in t he rrodeled area have 
not declined in respon se to these withdrawals (Williams, 1979, Pl. .te 4). Therefore, 
the Cambridge, Maryland, pumpage was not included in the model 

The Magothy aquifer is essentially unpumped in Kent Count 1 because i t is too 
deep and contains brackish water. Only one Magothy well locatec near Cheswold is 
being lightly pumped. Pumpage from the unconfined aquifer (Co umbia Formation) 
in the study area is light and widely distr ibuted, and no long-te ·m decline in the 
wa ter table has been observed (Johnston. 1977). Furt hermore, th s pumpage is used 

primarily for irrigation and domestic supply and most of the wa cer is returned to 
the aquifer after use. · 

The Cheswold aquifer has been used continuously as a source of water at 
Dover since 1893. With the gradual addition of wells, withdrawals have increased 
f rom 0 .05 million gallons per day Cvtgal / d) in 189 3, to 6 .\1gal/d in 197 3. Data on 
pumpage from the Cheswold a(juifer are unavailable for the period 1393 to 1931. 
However, the literature suggests that the majority of the early development 
occurred before 1931. Eastman and Beckett (1931) reported a Cheswold aquifer 
withd rawal of 0.6 Mgal / d by the City of Dover in 1931. Marine and Rasmussen 
( 1955) presented a brief summary of the development of the Cheswold aquifer by 
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t e tty o over . n au~.:Jt!O~ tc ::.e ..) \\'eu , an ~ - t ncn o:-oduc u on \\eli was ar i l led tn 190G . In 1 9 09 ~ t \\'0 more procuetiOn \vei ls were sc ree~ed in t r.e Cheswold a~ui~e~ . !!1 ~ 932, \veil Jd_l L 2 (Dela'.':c.re Geolog!cai Su rn:y r.urrber i::g sysr.e:·n) ,D//IQJ. 
wntcn 1s st !ll_ tn use. ' \·as drd l~c! a t the o!C .P?':erpbnr si r~ on t r.e St. Jones R! .. er. fliettrAl Ot her \\'ells tnc lude Jc JLL - 1 drt lled at t he Dtv ts ton St ree t st : e tn 19JS c.nc ' '· ell JC2 ~ - 'J 
1 drill ed a t t he Dover Srree! si te in 19!:S . ,\lore r ecem l;: . r:-;e fo!!owing CheS'-'·Olc aquifer produc t ion wells have been added to the city system: Jd 1 L6 a t \\'a ter 
Street (1952); Jdl5-2 at Bayard Avenue (1955); Jdl5- 4 at t!le East Oo\·er Ele mentary School (1 964); Jd25-2 at Danner Farm (1 96<L); and Jdl !.! - 17 .:.t the \Vater Treatment Plant ( 1978). 

Severa l large industries rely on the Cheswold aquifer for \\a ter supply : 3-rr:ong t he lc.rgest are a latex manufacturing plant and a pou l try cressing pl~:H . \\'el:s ar the la te x p lant (Jdl4-l l , Jd1 5- l ) were drtl led in 1948 and 195 3. and the \vel! c. : the poultry processing plant (Jd 14- 5) was installed in 19 3 1. i\ lar ine and Rasmussen ( 1955) estimated the 1953 pumpage f rom these wells to be 1.1 Mgal / d. An estimate of a pre-1952 i ndustr ial withdrawal in the Dover area wc.s 0.6 \lgal/d. This estimate was obtained by subtr ac t ing the withdrawal o f ~ve i l Jdl5- l at the latex plant from the total 1953 industr ial pumpage. The remain ing e~dy de·.:elc~e :-s of t he Ches\vold aquifer are Dover Ai r Force Base and De!a .,,·c.re S•a ~e C~l:ege. 
Pu mpage fron1 wells at these site's in the !9l!G's wc.s est imatec to be 0. 5 .\lgal/c and 0.05 1\ lga1 / d, respec tively. 

Although a decline in head of 23 feet was observed in the Dover are a between 1939 and 1952 (.\Iar ine an<i R .::~. c:m""': ~~- !S>55 ~ , ;~ .:;:,~c c~:> lila l £ne ffi c1JOr :;:y or this cec line probably occurred or ior tn thP h t o 10 '• r ·· : . ::-.:.: :.: : .. ,..,; ..... ,; ~Y l••c 17 JU- )L 
fJUII I!Jage ror tile City of Dover reported by ,\\ar ir '= c.nd Rasmussen ( 1955). Durtr.g this period, Cheswold aqui fer pumpage by the Ci · 1 o f Dever remained re !:. : iv ely constant at about 1.0 Mgal/d. Total Cheswold aqu fer pumpag~ in the Ia te l9UO's and through 1951 has been estimated (Table 2) at 2. ! 5 ~I gal/d. 

Rapid developmen t of the Cheswold aquifer c ccurred f rom 19 52 to the !ate 1960's. Pumpage for 1953 averaged 3.2 1\lgal / d and represents an increc.se o f about l.l Mgal / d over the estimated pumpage f or the late '.940's and ear!y 1950's. 
All production wells tapping the Cheswold an ! Pir.ey Point aquifers pr ior to 1978 are listed in Table 2 ~ .-\ppendix 11), with avera5e pumping rates for selected periods from pre-1952 to 1977 . The selected period; shown are consistent with the time intervals used in the transient simulation and are discussed below. 
Figu re 6 shows average daily pumpage from :he Piney Point and Ches·.vold aquifers dur ing the period 1952-77. Early data for tl is plot are based on pumpages reported by ,\Iar ine and Rasmussen (1955); the period 1957-67 reported by Sundstrom and Pickett (1968); and recent (1968-77 J da ta inven tor ied during the summer of 1977. \V ithdrawal from the Piney Point aquifer from 1957 to 1967 \vas based on estimates reported by St.:ndstrom and Pickett ( 196S), and recent pumpage data were based on an inventor y of users. 
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• Observation Hell 
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FIGCRL 9 - POTE~TIO~~TRIC SURFACE OF THE PI~EY POI~T AQUIFER , JUNE 1977. 
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FIGURE 14 -POTENTIOMETRIC SURFACE OF THE CHESWOLD AQUIFER , JUNE 1977. 
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sand and gravel. At Dover Air Force Base, this unit 1s some feet thick . Because ic is not norm~!ly utilized as a source of ~ater i~ t~e study area, it has not been a~e~uace!y investigated, t~eref?re, little is k~own abou~ its specific hydraulic pr~per~ies :~ cent=al K~~ ~ County . T~e ?re~erica subcrop ( area whe=e t~e un: t is present in=e~: -
a tely be low t."le principal overlyi~g strata) occurs as a narrow ba:1~ crossing Dela·.,.are in the vicinity of Dover, nort."l of Dover Air ? orce Base. The uni t probably derives most of its recharge in t..'lis z one . Water is contained in t."le unit un~er artesian (confine~ ) condi~ions and t~e major flow direction is probably downdip to t~e sou":!1east '""it~ 

respect to the installation . 
Deep Units 

The Cheswold and Piney Point For~ations form the t~o primary deep, regional a~uifers of t."'e study area . The Cheswold A~uifer, a part of t!1e lower Chesapeake Group, occurs at a depth of some 175 feet below ground surface at Dover air Force Base. It is approximately 111 feet t!1ick at. test ·,.,e l l JE32- 4, and is comprised mainly of noncalcareaus fine to coarse sand. aravel and ~he11~- Prinr ~n pv-on~ivo ~o,~1~-~o"~ ~ko . -Ches·.,.old probably was recharged in its subcrop area a:1d to a limited extent by leakage f r om the overlying Columbia , where the confining layer is somewhat sandy. For the pur?oses of this discussion, the subcrop of 
... --= ..... the Cheswold is a narrow belt extending ac r oss Delaware , some ten miles no rt~west o f Dover Air Force Base . The Cheswold subcrop is defined as t.~e area or z one where it is in direct hydraulic communication with the unconfined Columbia deposits . Ground- water flow system modeling implies w"lat extensive development has induced recharge to the Cheswold from the 32 square mile area o f the St. Jones River basin nor t hwe st of the City o f Dover (Leahy, 1982) . Once water has entered the Cheswold, it flows downdip ( sout."'east) or to the nearest pumping center for withdrawal . Figure 3 . 8, a potentiometric map of the Cheswold Aquifer, shows ground-wa~er levels and flow directions for the study area . An examination of the potentiometric surface indicates that a major drawdown feature (cone of depression) has been created and is centered over the southeast section of the City of Dover. Cheswold water level e levations indicate that f low within the aquifer has been reversed below Dover Air Force Base and now proceeds west and northwest toward the city (1975 data). 
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ORIGINAL 
(REO) aas .:d upon extrapola :ion , t h e hyd raulic grad.:..e n t apfears to c e e n t;,e 

or=er o f for~y feet per mile a~ the base . 
Uncerlying the c~esNol~ Aqu~fer is a sisn:ficant conf.:..~.:..ns bed of 

si l ty, clayey s ane, repo rted to be approxi~a~ely 100 fee ~ th.:..=k at ~over 
Air Force Base ( Leahy, 1979) . T;,is confi~ing layer sepa rates the 
ChesNold from t he underlying Piney Point ~ormation, t~e deepest aquifer 
of consequence in the study area . The Piney Point's lithology i s 
reported to be marine fine to coarse sands, shells, g la uco n.:. tic and 
ca lcareous . Pre-development recha rge t o t~e aquif e r was repor ted to be 
by leakage through silty confining units from units above, as the Piney 
Point neither crops out nor subcrops an overlying aquifer (Leahy , 1979). 
Additional recharge has probably been induced from the ChesNold Aqui:er, 
in reponse to extensive exploitation o f the Piney Poi~t. ? ig'...! re 3 . 9 is 
a potentiometric surface map of the Piney Point Aquifer Nhich has been 
modified from Leahy (1979) . This drawing shows that ground-water flow 
within t~e Piney Point proceeds in a northwesterly direction relative t o 
:: .... .: r Air Force !:lase along a gradient est~mated to be on c.h.: order of 
twenty feet per mile (1975 data ) . A majo r drawdown fea ~ure is centered 
beneath the City of Dove r. 

Ground- Water Use 

Ground water is utilized by the .entire population of the study 
area . The Columbia is known to furnish water supplies to domestic and 
agricultu ra l consumers near the installation. While t.'"le actual loca-
tions of these wells are unconfirmed, it is believed that most. perma
nently inhabited struct ures near the base possess at least one we ll 
finished into the Columbia for the purposes of human consumption, stock 
watering or crop irrigation . Due to its general accessibility, relia-
bility (does not run dry) and typical good quality (Woodruff, i970), t.'"le 
Columbia is known to be a . good source of potable supplies. At present, 
a consultant is examining the utility of the Columbia Aquifer as a 
potential future source of additional water supplies for the City of 
Dover. It has been reported that if the Columbia is developed by the 
city, new well fields would be constructed immediately west and no r th of 
Dover Air Force Base (Hodges, 1983). The primary limitation of the 
Columbia is its easy susceptability to contamination. 
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Well Loca tio n Depth 
Identifier (Bldg) (Feet) 

A 606 268 

B 641 230 

c 645 233 

w 
D 6 12 560 I 

N 
N 

* FH4 No . 1 4000 697 

* PH4 No . 2 4200 -

. NEW 1326 560 

Source: Installa tion Documents 

* Indicates Family Housing Annex 

TABLE 3.4 
DOVER AIR FORCE BASE 

INSTALLA'riON WELL CONSTRlJC'riON INFORMATION 

Screen 
Length Diam . Static Wate r Level 
( Feet ) (In . ) Aquifer (Ft . Below Sur f ace) 

30 10 Cheswold -
45 10 Cheswold 68 

30 10 Cheswold 81 

100 1 2 Pine y Point 1 26 

so 1 2 Piney Point 98 

- - Pine y Point -

- 1 2 Pine y Poi nt 120 

( 1978 ) and Sundstrom a nd Picket t (1968 ) 

Capacity 
(GPM) 

300 

700 

675 

900 

620 

-

200 

Cons true . Da te 
( Reconst . Date) 

1952 

1 953 ( 1975) 

1955 ( 1974) 

1963 ( 1973 ) 

1979 

1983 

C> 
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